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It is expected that, within the next three years, the determination of the CKM matrix elements 
with the least theoretical uncertainty will arise from the measurements of CP violation in Bd — > 
J/ipKs decays and from B s — B s mixing. If there is significant new physics in B — B mixing, then 
those experiments will not yield the correct values for the CKM matrix elements. As a result, a 
qualitative signal of new physics may appear in the CP violation of decays like Bd — > 7r + 7r~. 
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I. INTRODUCTION 



The strongest constraints on the CKM matrix likely to be achieved in the next three years will arise from the values 
of sin 2/3 and x s . Results from CDF, Babar and Belle should provide sin(2/3) with an error of 0.08 or less 0. If x s is 
not too large, then it is hoped that x s will be measured to better than 10% in Run 2 of CDF For the analysis of 
the CKM matrix the useful quantity is 



x s I V ts 



Xd V V td 



K, (1) 



where if is a SU(3) correction factor, calculated to be 1.3 with a claim by lattice calculations of a 7% error j3[. 
In terms of CKM parameters 0, 



and 



where 



fi - K 
x d ~ X 2 R 2 t 



(3) 



R t = V(l-p) 2 + rf = . *™l y (4) 
sm (fi + 7) 

These two results will produce a small allowed region for the CKM parameters, assuming that they are consistent 
with the present loose constraints from \V u b\ and ex- 
it is interesting to note that both Eqs. (^) and (p|) have to do with B — B mixing. Thus, if there is a significant new 
physics contribution to B — B mixing, then these measurements provide no constraint on CKM parameters. Rather, 
they would provide wrong values for the parameters, which we denote by p, fj, f3, 7, and Rt- Naturally, 

R t = ^(i-~ P f+e= . s ^l_. . (5) 

sm [p + 7) 

We also define 
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~ rzn Z7T sin/? 

R b = Vp 2 + v 2 = . j~ (6) 
sm (/3 + 7) 

A new physics contribution to i?d — £?d mixing, described by an effective superweak-like interaction 

G bd bOd bOd +h.c, (7) 

with Gbd of order lO~ 7 Gp to lO~ 8 Gp, will affect both Eqs. (^) and Eq. (j^) is also sensitive to new physics 
in B s — B s mixing. Considering only new physics of the form in Eq. (ffl), the measurements of sin 2(3 and x s really 
determine the Bd — Bd matrix M\%- 

lmM 12 <x2fj(l-p), (8) 
|M 12 | ^{l-pf+fj 2 , (9) 
ReM 12 oc ± [(1 - ~ P f - if] . (10) 

The CKM fit requires the positive value; the negative value corresponds to the well known ambiguity (3 — * ir/2 — (3 
§• 

The present limit on x s yields the result that R t < 1. If we assume that x s will be measured to be between 20 and 
30, then R t will lie between 1.0 and 0.8, corresponding to 7 in the region between 80° and 50°. On the other hand, it 
has been suggested on the basis of the measured B decay rates that 7 is greater than 90° |(| . If this were true, then 
it could be a sign of new physics. 

As a possible way of finding a sign of this new physics, we consider the asymmetry in the time dependent decays 
Bd(Bd) — > 7r + 7r~. In Fig. 1 the solid line shows the expected asymmetry for values of Rt between 1.0 and 0.8, with 
$ = 25° (this corresponds to values for Rj, which lie between 0.422 and 0.436). The values of the asymmetry are well 
above zero. 
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FIG. 1. Fhe figure shows the interference CP-asymmetry in Bd{Bd) — > 7r + 7r~ decays. The curves correspond to the asym- 
metry obtained with 7 for strong phases A = 0° (solid line), A = 45° (dot-dashed line), and A = 180° (dashed line). For 
comparison, we also show the horizontal lines corresponding to the values of the asymmetry obtained with 7 = 115°, for the 
same three values of A. 



In contrast, if the true 7 ~ 115°, then the expected asymmetry is approximately —0.9. Thus, a discovery of 
such a large negative asymmetry in this scenario could be a signal of new physics in B — B mixing. Note that the 
penguin contribution plays an important role in this analysis. In the absence of penguins the first asymmetry would 
be sin2(/3 + 7), which is already significantly larger than sin2(/? + 7). However, inclusion of the penguin separates 
the asymmetries further by increasing the first asymmetry well above sin2(/3 + 7). This makes the difference even 
more striking. 

Details of this calculation are given in the appendix. We have used a method proposed by Silva and Wolfenstein 
in which one invokes SU(3) to relate the tree and penguin contributions in the Bd — » 7r + 7r~ decays to those in the 
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Bd — » -ft' ± 7r T decays. The details of this calculation depend on SU(3), factorization and were originally performed 
assuming that the strong phase shift between the penguin and the tree contributions in the Bd — > 7r + 7r~ and in the 
Bd — > -fC ± 7r T channels is equal to a common value A and, moreover, that A = 0°. Recently, this analysis has been 
revisited by Fleischer [||, allowing A to take any value. Since we are interested in a large qualitative effect, small 
changes in the assumptions made in the calculation will not affect the conclusion. For example, setting A = 45° yields 
the dash-dotted curve in Fig. 1. There is, however, one critical assumption: the sign of the penguin term relative to 
that of the tree. If we choose the negative sign, or equivalently let A = 180°, we obtain the dashed curve in Fig. 1. 
Assuming this sign, the asymmetry for 7 = 115° is about —0.7. Thus, except for low values of Rt (large values of x s ), 
the large qualitative difference disappears. 

As discussed by Fleischer allowing for any value of A, the measured asymmetry allows a limited range of values 
for 7. This leads us to consider the following three possibilities: 

• If a sizeable positive asymmetry is found, this would be consistent with values of 7 well below 90°, as postulated 
in our scenario, and rule out values greater than 90°. 

• A very large negative asymmetry would be consistent with a true value of 7 in the neighborhood of 115°, as 
has been proposed [||, and could rule out values of 7 corresponding to R t < 0.95. In this case we could have a 
signal of new physics independent of any assumption about A. 

• A negative asymmetry in the neighborhood of —0.5 could be interpreted in different ways: (1) if one believes 
from factorization that cos A is close to +1, then one obtains 7 slightly above 90° and this could be a sign of 
new physics in our scenario; (2) the true value of 7 is really 7 for values of R t above 0.85 but cos A is close to 
-1. 

It is interesting to note that, if cos A is close to —1, then the motivation for a value 7 > 90° given in Ref. J(| may 
disappear. 

As a particular example, let us take fj — 0.4 and (1 — p) = 0.8, corresponding to Rt = 0.89, 7 = 63.5°, and — 26.5°. 
If the true values were rj = 0.4 and (1 — p) = 1.2, j3 = 18.5°, and 7 = 116.5°, then, in order to fit the Bd — Bd mixing 
from Eqs. (|s|)-(|lO|), with the positive sign in Eq. (|To|), we would need 

(ImM 12 ) sw = 1 

(ImM 12 ) CKM 3 

(ReM 12 ) sw _ 5 

(ReM 12 ) CKM 8' [ ' 

where the subscript sw denotes a superweak-like contribution, as in Eq. ([?]), and the subscript CKM denotes the 
Standard Model contribution. 

Another possible interpretation of the large negative asymmetry in this scenario would be that the true value of 
ReMi2 is given by the minus sign in Eq. @. In that case, the phase 2/3 would be about 130° instead of 50°. Then 
the true value of 7 would have to be around 70° in order to explain the large negative asymmetry. Therefore, the 
main new contribution would be 

(ReM 12 ) sw ~ -2 (ReM 12 ) CKM . (12) 



II. CONCLUSIONS 

In the Standard Model the best determination of the CKM matrix elements, from sin 2/3 and x s , depends on the 
absence of new physics effects in the mixing. Therefore, it is possible that experiments that are really sensitive to the 
phases of decay amplitudes may show qualitative deviations from expectations based on sin 2/3 and x s . One example 
is discussed in this paper, where we have stressed the usefulness of a qualitative measurement of the CP-violating 
asymmetry in Bd — » 7r + 7r~ decays. 
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APPENDIX: DETERMINING THE ASYMMETRY IN B D tt+tt DECAYS 



For completeness, we include in this section a description of the method proposed by Silva and Wolfenstein |7j to 
estimate the asymmetry in the time dependent decays B d (B d ) — > it + tt~ . In this method one uses two observables as 
input: sin 2(3 obtained from the CP- violating asymmetry in B d — > J/ipKs decays; and 



R 



T[B d -> K+TT-] + T[B d -f 



(Al) 



recently measured by CLEO to be R — 4.0 ± 2.2 B, where we have added the errors in quadrature. In addition, one 
uses the spectator approximation and SU(3) (in fact a U-spin rotation interchanging the d and s quarks) to relate 
the tree dominated process B d — > 7r + 7r~ to the penguin dominated B d — ► i^ ± 7r =F . Here we will follow the notation of 
Ref. @. 

The relevant decay amplitudes may be written as 



A(B d 
A(B d - 



V ub V ud 
\V u bV ud \ 

v: b Vus 

\v ub v us \ 



T 



T' 



V tb V td p gl A 



\VtbV td \ 

VttVts 
\VtbVu 



1 



P'e lA ' = e n T' 



1 



o i(-0-y+A) 



r ' e i(-7+A') 



(A2) 
(A3) 



Here A and A' are strong phases, while r = P/T and r' = P'/T' are the ratios of the magnitudes of the penguin to 
the tree contributions in each channel, respectively. Therefore llCl, 



R 



rp/2 



2r' cos 7 cos A' + 1 



T 2 l + 2rcos(/3 + 7)cosA- 
Using U-spin we may relate the two decay channels through 



(A4) 



A' = A, 






V 


V us 


Jk 


, fx 


~T ~ 


Vud 


fn r 




P' 


V ts 




. 1 fK 


~P ~ 


Vtd 


u ~ 


Ai?t fn 



(A5) 
(A6) 



In the last two expressions we have used factorization to estimate the ratio of matrix elements in the two channels. 
This provides a first order estimate of the SU(3) breaking effects. Therefore, defining 



we obtain 



R 



r 
r 



2 2 2 

a r 



1 



A 2 iV 



2 a r cos 7 cos A + 1 
1 + 2r cos (/3 + 7) cos A + r 2 



Here, we have used the true values of (3 and 7 (R t ) as they appear in the CKM matrix. Eq. (| 
Finally, the time dependent asymmetry in B d {B d ) — > 7r + 7r~ decays is given by 



21mA 



asym : 



/ 



where 



V 



qA(B d 



pA(B d -> 7T+7T-) 



1 + IA/l 2 



3 _ 2l (/3+ 7 ) 



1 + re »(/3+7+A) 
1 _|_ re *(-/3-7+A) ' 



(A7) 
(A8) 

determines r. 

(A9) 

(A10) 



Notice that we have used q/p = — exp(— 2i/3) (as opposed to the true CKM phase 0) because any new physics 
appearing in the mixing will affect the interference CP-violating asymmetries in both the B d — > ir + ir~ and B d — » 
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J/ipKs channels, through the same q/p. In the presence of new physics (3 in Eqs. (A2) and (A3) need not be the 
same as /3. 

Fig. 1 was obtained in the following way. We have set (3 = 25°. Then, for each value of Rt between 0.8 and 1, we 
calculate 7 and Rb- Our choice of (3 guarantees that Rb lies within the range currently allowed by the measurement 
of \Vub\- We have taken R = 3, which is in the lower side of the range allowed by CLEO |J, in order to facilitate 
comparison withRef. §. Next, we consider the scenario in which the true value of 7 is really 115°. The corresponding 
value of [3 is obtained by requiring Rb — Rb, thus continuing to satisfy the \V u b\ m easurement. For each case, we can 
determine r from Eq. (A8), Xf from Eq. (|A9D, and the asymmetry from Eq. (A10). 
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